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bottle, and presterilized Cobet and ZoBell bacteriologicat samplers {Figures
2 and 3", The bottom water samples from less than 1 toot ebove the bottom
sediment were taken with a specially designed bottom-actuated device which
holds and trips a Fiarlie bottle upan contact with the bottom sediment

Figurc 1. Location of NCEL oceanographic stations where water
samples were taken,
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T hese water samplers were
attachad in series to o hydrographic
wire, Soveral ZoBell bactenological
samplers. which can be triggered in
sequence by the messenger released M :
by the niext ngher sampler on the wite,
ware placed 3 10 10 feet from the
Nansen oe £ arhe bottles, The Cobet
bactenological sampler was placed at
the botiom because, although iL1s
trigrered by a messenger, 11 has no
facility for releasing a messenger 10
trip samplers lower on the wire, The
pottom-actuated device with a Fjarhie
hottle was secured to the hydrographic
wire immediately above a 500-pound
sinker attached to the end of the ‘ .
wire, The attached water samplery
ware tripped by sliding a messenger
down the wire cither o1 predetermined
depths or after contact of the 500.
pound sinkar with the bottom,

-

ZoBell sampler

3

" Fjarlie bottle .

S

Bacteriological Analysis of Water
Samples

As cach water sampler was
recavered from the sea, 1t was removed
from the hydrographic wire anrd
placed in a holding rack on the deck
of the ship, The first sample of water
from the sampler was tronsferred
through a clean viny) tube 1o 0 glass ; Cobet sampler
bottle used for dissolved Gxygen
determmnation,  This was 1o wash
awiy any extraneons bBactoerig pre
aent in ihe vinyt tube, The remainmeg
seawater sample was transterred erther Yagure 2,

10 other glass Botthes for sabimity and Froche battheang Cobet and Zoelt
pH measurements of to i stenle mulk D tertologie ab e ottavhied
diution botte for bactermlogicol o hydtographie vare,

analysts aboard ship,
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Figure 3. Cobet and ZoBell bacteriological samplers,

Fiarlie bottle held in a bottom-actuated desice designed to
collect a seawater sample immediately abov-: the sediment
when tripped by weight touching battom,




- The quantity ot seawater filtered through a 0.45-micron membrane
filter aboard ship depended upon the depth at which the samples were
obtained. Samples ranging between 5 to 10 cc were used for surface waters,
and 100-cc samples were used for waters at depths of 12,000 feet. On com-
pletion of the filtration, the filters were placed on the surface of a nutrient
agar medium (2216E) to culture the microorganisms caught on the surface
of the fiiter. This medium was developed by Morita and ZoBe!l? for growing
the aerobic marine microorganisms,

The petri dishes containing the membrane filters were stored in the
ship’s refrigerator. Upon return to the NCEL laboratory, the dishes were
transferred to a refrigerator-incubator which was kept at a temperature of
160C, After 5 to 7 days' incubation, the small bacterial colonies growing
en the surface of the filter paper were examined under a stereoscopic micro-
scope, and each colony was counted and recorded, All phases of the
bacteriological work were conducted aseptically to prevent extraneous
contamination,

The laboratory methads, instruments, and technigues used for
determining water temperature, salinity, dissolved oxygen concentration,
pH, true depths at which water samples were taken, and other information
are described in References 3 and 4.

Bacteriological Analysis of Sediment Samples

The sediment samples taken for bacteriological analysis were obtained
with a gravity coring device and a 10-inch-diameter by 3-foot-long steel pipe
dredge. The core samples obtained were 1-3/8 inches in diameter and up to
2 feet in length; the pipe dredge produced several pounds of bottom sediment,

As soon as the coring device with the sediment sample was placed on
the deck of the ship, the plastic core tube containing the sample was removed
and the ends of the tube were sealed with sterile plastic caps. The sediment
from the pipe dredge was placed in a plastic bucket and covered with a tight-
fitting lid. The samples were then stared in the ship's refrigerator until they
were delivered to the NCEL laboratory where the bacteriological analysis
was made.

At NCEL, the plastic core tube containing the sample was cut into
3- to B-inch-long sectinns with a hack saw, Central portions of the muri from
the freshly cut sections were used for bacteriological analysis. Aseptic tech-
nique was used during all operations.

A T-gram sample of each section of sediment was weighed out, and
each sample was placed in a test tube containing 9 ce of sterite seawatcr.,

The test tubes were then shaken vigorously to obtain uniform suspensior,



A Ve portion of each suspension was used for inocalating the following
media: {1} outrient medium designated as 2216E developed by Morita
and ZoBell? was used for growing aerobic bacteria in petri dishes, (2) 0,1
neam of sodium thioglycolate was added to a Titer ot 2216E medium for
yrowing anaerobic bacteria in Fisher-Spray anacrobic cultuee dishes, and
{3} nutnient medim designated as M10E was used for growing sulfate-
reducing bactena.? Approximately 12 gram of sediment was placed in 4
screw-capped test tube filled with mediuim M10E.

RESULTS

The tiacterial population found in the surface waters collected at
HICE L test stations ranged from 6 to 100 cells per ml {Figures 5 to 10). This
population range is lower than the range recorded near the coastline by
ZoBel.® He found that the average number of bacteria in surface waters
off La Jolla, California {based on monthly observations for 10 years) ranged
from 420 to 620 per mi,

Below the immediate surface of the sea, the bartarigl population
vatied randomly with depth and location {Figure 11), The high«st bacterial
count, 12,000 per 100 mi of seawaster, was found at depths between 2,300
to 2,700 feet in the minimum oxygen 2zene (Figure 8), The lowest number
of bacteria, 5 1o 10 per 100 m! of seawater, was found at the 12,000-{cot
depth near the sua Hloor (Figure 10}, The majority of the bacteria collected
from the minimum oxygen zone had formed minute, slow-growing colonies
on the surface of membrane filters. Under a stergoscopic microscope, theae
colomes appeared as minute, clear, glistening specks among faster growing
targer colonies. These tiny colonies also developed in great numbers on the
surface of membrane filters in which scawvater samples were taken at depths
between 3,600 and 4,600 feet on the same day and a short distance from
where the previcus water samples were collected (Figure 9),

When the membrang filters with bacteriat colonivs were stored in a
refrigerator at about 50C for about 2 manths, examination revealed that
the clear, transparent colonies had become yellow pigmented. To determine
the: cell morphology of these bacteria, a 48-hour culture was stained with
gram stains, Whaen examined under a microscope, the bacterial cells were
found to be gram-positive {(purpte) short rods of uniform shape and size
(Figure 12}, A physiological test was also conducted to determine if it was
a terrestral form which had become accustomed 1o living in the marine
environment, The bacteria were inoculated into test tubes containing
nutrient broth: made with distilled water and also into another set of test
tubes of nutrient broth made with seawater, This particular species was
able to graow in both types of nutrient broth, which indicates that its origin
cuuld have been terrestrial,
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Figure 12, Gram-positive microbes found at NCEL oceancaraphic
stations off the Santa Barbara Channe! Islands at a
depth of 2,500 feet (magnified).

Five separate bacterial colonies which appeared to be quite different
from one arother in shape and pigmentation were also selected for staining
and physiological tests. These bacteria were collecled with sterile bacterio-
logical samplers in June 1967 at station 7 between the depths of 1,500 and
5,600 fect. AW of the bacteria were gram-negative {red), Some bacterial
cells were of very irregular shape and form as shown in Figures 13 and 14,
Four of the five bacterial species were not able 10 grow in a nutrient broth
made with distilled water, but grew very well in a nutrient broth made with
seawater. Only one species of this group was able to grow in nutrient broths
made with distilled water and seawater, respectively. The deep ocean bacte-
rial species collected in these samples were not identifiec,

A sharp increase in the bacterial count occurred in a water sample
collected at the sea floor with a hottom-actuated sampling device (Figure 6).
This increase was attributed to the presence of small amounts of bottom
sediment collected in the Fjarlie bottle when it was tripped on the sea floor,
As g rusult, the majority of the bacteria isolated from this bottle on the
membrane fitter were benthic microorganisms normally found inhabiting
the sediment,

14
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oceanographic stations off the Santa Barbarg Channel
[slands at a depth of 1,250 feet tmagmitied),

15




The engineering properties of marine sediments taken from this
area {oceanographic station 2} are reporlted in Reference 6, The results of
carbonate-organic carbon analysis showed that the gverage carbonate con-
tent was 12.78% (range of 1.53 to 23,36%) and the average organic content
wus 1,35% (range of 0,86 to 2.14%).

Sedimaent Samples

The sediment samples reported bergin were obtained in Juns 1987
during Cruise A706.1 aboard the USNS DA VIS (AGOR-5). Bacteriological
analyses of sediment and core samples obtained previously from various
S5TU sties have been conducted and the results have been reported in
Reference 7.

Table 1 shows the number of gerobic and znaerobic bacteria at
various depths from the surface of core samples taken at oceanographic
station 2, The number of aerobic bacteria found in the surface layer of the
core sample ranged from 20,000 to 55,000 per gram of wet sediment, The
number of aerobic bacteria found 3 inches below the surface ranged from
200 to 1,000 per gram of wet sediment, and the number drupped t0.200
to 400 per gram of wet sediment at a depth of 6 inches below the surtacc
of the core sample, The number of anaerobic bacteria was losww compared
to the number of aerobic bacteria present in the upper section of the core.
However, about 12 inches below the surface of the sediment, the anaerobic
bacterial count was higher than the aerobic bacterial count, Sulfate-reducing
bacteria were present throughout the core samples. The largest numbers of
sulfate-reducers were found at the 8-inch and 18-inch strata of one core
sample. This was indicated by the rapid production of black sulfides in
the sealed test tubes containing M10E medium as compared to other test
tubes containing samples from other strata, The presence of sulfate-
reducing bacteria in the sediment samples was of particular interest because
these bacteria are considered to be responsible for the anaerobic corrosion
of metals.8.?

In other bacteriological analyses of long cores of rmarine sediment,
marine bacteria have been found about 100 inches below the surface in
core samples obtained from depths of about 3,000 feet of water.\®

It was demonstrated that the highest numbers of viable bacteria
were found in samples obtained with a modified ZoBell bacteriological
sampler at the sediment-seawater interface as a mixture of sediment and
seawater, The highest number of aerobic bacteria determined by pour-
plating and counting bacteria on nutrient agar plates {medium 2216E) was
over 2,000,000 per gram of wet sadiment. "'

L
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Table 1. Bacteriological Analysis of Core and Sediment
Samples From Station 2V

Location of Station: 34906'N Cruise A7006-1
120042'W June 1967
Bactena in 1 Gram of
Wet Sediment
Core?/ Depth (in.] e
Aerobic Anaerobic
Surface 56,000 6,000
3 200 300
C 6 200 20
13 0 6550
Surface 20,000 7,000
3 1,000 500
C.2 6 400 20
12 0 10
18 10 450
Bottom .
Segimontd/ 160,000 70,000

1/ Sulfate-reducing bacteris ware presant in oll sediment samples.
2/ Semple cores were 1.5 inches in dismeter.
3/ Sample taken with'e stest pipe dredge.

In sediment samples obtained with a pipe dredge over oceanographic
station 2 in 2,400 feot of water, the highest acrobic bacterial count obtained
was 160,000 per gram of wet sediment, The highest anaerobic bacterial
count obtained was about 75,000 per gram of wet sediment,

Sterile Versus Nonsterile Samplers

informatior about the number of bactertd obtained with steole
bacteriological water samplers versus nonsterile Nangen aned £ jarhe bottles
was inconclusive. Generalty, the bactenal count was h.gher fur nonsterde
samplers than for serile bacteriological samplers, However, there were
water samples in which identical numbers of bacteris were isolated from




each type of sampler, and sometimes water from the nonsterile samplers
contained fewet bacteria than water from the sterile samplers {Tabie 23,
Kriss'? has found that water sainples collected simultaneously at the same
depth in the Black Sea in unsterilized Nansen and sterilized microbiological
botties contimed practicatly the same number of bacteria,

Table 2. Qceanic Bacteria Collected With Sterile and Unsterile

Watar Samplars at NCEL Stations

{Samples were not all collected on the same day)

Type of Sampler Used Number of Bacteria
Depth {tt) Per 100 mi
Sterile Unsterile of Seawater

846 X 700
855 % 1,230
1,230 X 1,800
1,240 % 1,200
2,221 X 7
2,226 X 3
2,335 x 400
2,343 X 160
2,874 X 1
2,879 X 24

3,195 % 5 -
3,200 X 0
3,592 X 1
3,600 X 0
4,100 X 40
4,105% X 10
4,500 X 1,500
4,600 X 1,500
6,726 x 28
6,736 x 10
12,017 X 2
12,027 X 0]
12,210 X 35
12,220 X 22

18
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Effect of Pressure on Bacteriological Samplers

When water samples wern taken at 6,800 and 12 000 fuet with the
bacteriological samplers, o small puncture was detected in some of the peat
shaped rubbur bulbs and also in some of the 3/1610 x 1/8 wall thickness x
Dineh-donyg latex rubber surgical tubings upon recovery, 1 he hugh hydrostatic
pressure encountered 8t great depth forced the side of the rubber bulb into
the opin end of the 1.1/2anch-long x 5/32.nch-1D glass tubie which was ysed
to connuct the rubber butb and the sorgical tuhing One end ot the surmieal
tubing whera a glass tube (sealed at ane end) was inserted also ruptuted ot
great depth on several occasions, Such phenomena caused premature collee:
ton of the water samples from unknown depths, ZoBell'3 roports similar
faiture in rabber tubing during the Danish Galathea Deep-Sea Expedition,

The rubber tube failures were corrected by filling the glass tube
(scated at one end) with sterile scawater or distilled water before use, and
the rubber bulb fatlures were corrocted by inserting a 1/8-10 x 3/32-wall-
thick ness x 9-nch-long natural rubber tubing (not latex sargical rubber
tubing) directly into the openimg of the rubber bulb and then seabing the
connection with a rubber cement,

Deep Ocean Algae

When a test rack (STU 11-2) was recovered from depth of 2,370
feet}: 18 the surfaces of some of the metal spacimis such as alommenn,
K-Moncl, and a Monel 400 bolt had numeroas pits frlled with corrosion
products. Chemical analysis conducted on the corrosion praducts formed
in these pits revealed the presence of o low to moderate amount of algarn
and some diatoms 0 addition to metal oxides.

Finding algae st this depth in the Pacific Qcean was surprising, The
microscopic plants found in the corrosion products conld be o species of
blue-green algue (Cyanophyceae); these atgae are reported to be foumd in
large nurnbers between 1,300 and 13,000 fect i the Atlantic and
Mediterranean, 16

DISCUSSION

Adverse environmental condithions ot great depths i the o ean, suels
as nuar-freezing water temporature, ligh hydrostatic peescure, and taotal
darkness, might be expected to slow bactenial ar vity Howwever, the deep
$ea microorganisms were found 1o be very dotive cven gt a depth of el

19




~ CONCLUSIONS

feet whan given suitable substrate for multiplication.” ' % For example,
when natural fibers in the form of cotton and Manila rope, and burlap {some
cavered with coal tar) were exposed on the sea floor, the materials were
quickly destroyed by the activity of maririe microcrganisms, Heavy slime
growth composed of microorganisms was also found ccvering the entira
surface of a tiexible vinyl tube, The plastic tube contained chernical com-
pounds (plasticizers) which served as a substrate for the growth of these
microorganisms. Examination of the vinyl tube showed that it had 1ost its
flexibility and had shrunk.”

Any engineering materiais, such as metals, plastics, e'astomers, paints,
and protective coatings placed in the sediments and in seawater where marine
microorganisms are present will be adversely affected, Since marine bacteria
are the first marine organisms to attach 10 submerged objects. they play an
imp~oriant role in tire fouling of submerged surfaces by (1) affurding a foot-
holg for other animals, {2) discoloring glazed or bright surfaces, (3} serving
as a source of food for barnacles, etc., and (4) promoting the early deposition
of the calcareous cements of sessile anima's.® 1t is not possible to state whicn
necies of bacteria are of significance to the structural designer; however, it
1s known that sulfate-reducing anaerobic bacteria are of significance. The
degree of significance, particuiarly with respect to hydrogen embrittlement
ot high-strength steels which are under stress, depend- upon the population
of anaerobic bacteria and the amount of H,S (hydrogen sulfide) generated.
Cases of failure of deep oil well casings by the H,S produced by these
bacteria are well known,

The variation in the bacterizl population with depth does not seem
to be influenced bv any single environmental factor. However, the combined
effects of water (= )erature, undersea currerits, and availability of food
could be responsible for variatians in the vertical distribution of bacteria in
the ocean environment.

20
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